Heavy drinking among college students in the United States is common and results in a wide range of problems. Symptoms of depression are also common among college students and may exacerbate problems associated with heavy drinking, but to date most studies have been cross sectional and relied on an aggregate measure of alcohol problems. Further, depressive symptoms may also predict other elements of risk among heavy drinkers, including greater experience of substance-related reinforcement, and diminished experience of substance-free reinforcement. The current study examines depressive symptoms as a prospective predictor of changes in alcohol problem domains and reward variables in a sample of heavy drinking college students. Heavy drinking college students (N ϭ 138) completed a survey assessing depressive symptoms, alcohol problems, and reinforcement at baseline and after a 12-month follow-up period. Multiple regressions examined the utility of depressive symptoms (DASS-21) in predicting alcohol problems, substance-related reinforcement, and substance-free reinforcement at the 12-month follow-up after controlling for baseline drinking level and the baseline level of the relevant outcome variable. Baseline depressive symptoms predicted 12-month alcohol problems related to impaired control (i.e., drinking more than planned), self-perception, and self-care. Depressive symptoms also predicted lower 12-month substance-free, but not substance-related, reinforcement. Finally, change in depressive symptoms was associated with total alcohol problems, impaired control, self-perception, self-care, academic/occupational, and physiological dependence problems at 12-month follow-up. Heavy drinkers with depressive symptoms may benefit from interventions targeting alcohol problems that also increase access to and engagement in rewarding alternative activities.
of alcohol problems (Dennhardt & Murphy, 2011; Pedrelli, Shapero, Archibald, & Dale, 2016) . Depressive symptoms may incur greater risk for alcohol problems for several reasons. Depression is associated with decreased social support (Joiner, Alfano, & Metalsky, 1992) , limiting the availability of productive coping strategies. Students with less social support may also have fewer close peers to help protect them against consequences when they are drinking (Weitzman & Chen, 2005) . Further, depression is associated with impulsivity, diminished valuation of the future, and anhedonia, all risk factors for substance misuse (Amlung & MacKillop, 2011; Baskin-Sommers & Foti, 2015) . Nevertheless, one study found that despite experiencing more alcohol problems early in college, depressed individuals exhibited rapid reductions in experienced alcohol problems compared to nondepressed individuals over two years (Kenney, Merrill, & Barnett, 2017) . The authors suggested that depressed individuals may start college by experiencing more problems, but operant punishment (i.e., alcohol-related problems), in addition to observation of fellow students who experience less problems, may lead these students to decrease their overall experience of alcohol problems. Additionally, social withdrawal associated with depression may reduce drinking opportunities. Kenney et al.'s (2017) sample included students with low alcohol use, and there is a need for further investigation with heavy drinking students who report depressive symptoms.
Despite connecting depression to alcohol problems more generally, to our knowledge no study has examined the influence of depressive symptoms on specific types of alcohol-related problems (e.g., impaired control, risky behaviors). Several studies have examined the influence of coping motives on problem domains, and found that it predicts impaired control, diminished selfperception, poor self-care, risky behaviors, academic problems, and physiological dependence (Merrill & Read, 2010; Merrill, Wardell, & Read, 2014) . However, direct examination of the prospective relation between depressive symptoms and problem domains is necessary to determine the specific nature of the risk associated with depression so that intervention approaches can be tailored appropriately. Depressive symptoms can influence social, self-perception, self-care, & academic/occupational domains more generally (American Psychiatric Association, 2013; Andrews & Wilding, 2004) , and thus might have a specific impact on these problems domains relative to others, such as blackouts or risky behavior.
Depressive symptoms may also predict other risk factors associated with alcohol misuse. Diminished reward response is a hallmark of depressive disorders and contributes unique variance to the experience of substance misuse over and above depression, at least among depressed adults (Joyner et al., 2016; Leventhal et al., 2010) . In fact, there is growing interest in understanding diminished reward response as a transdiagnostic factor in the relation between internalizing psychopathology and substance misuse (Acuff, Luciano, et al., 2018; Baskin-Sommers & Foti, 2015; Vujanovic, Wardle, Smith, & Berenz, 2016) . Basic and applied behavioral economic research also suggests that alcohol and drug misuse are associated with deficits in access to rewarding alternatives to substance use (Joyner et al., 2016; MacKillop, 2016) , resulting in differential reinforcement for substance-free versus substance-related activities (Correia, Carey, & Borsari, 2002) . Depressive symptoms may be associated with increased reinforcement from activities that provide immediate reward (e.g., drinking; Murphy et al., 2013) compared to activities that require sustained effort (e.g., going to class, exercising; Treadway, Bossaller, Shelton, & Zald, 2012) . Despite this, studies that have examined reward deprivation and depressive symptoms have not differentiated the experience of drug-related and drug-free rewards, nor has this relation been examined over time. In the current study, we examined the relation between depressive symptoms, alcohol problem domains, and both substance-free and substance-related reinforcement among heavy drinking college students. We hypothesized that depressive symptoms and change in depressive symptoms over time will be positively associated with alcohol problems (specifically, social, self-perception, selfcare, & academic/occupational domains), and substance-related reinforcement, and negatively associated with substance-free reinforcement among drinkers.
Method and Materials

Participants
Participants were 138 first and second year college students enrolled in a brief alcohol intervention trial at two universities located in the Southern and Midwestern United States. Students worked less than 20 hr per week, and self-reported two or more binge drinking episodes in the past month (5/4 or more standard drinks per occasion for men/women, respectively). Further, participants were 18.79 (SD ϭ 1.01) years old; 85.5% identified as Caucasian, 7.2% as African American, 2.9% as Multiethnic/Multiracial, and 56% as women. Participants were recruited via undergraduate research pools and e-mail screeners at each university and were told that the study was about college student health behavior, including alcohol use. Participants were not seeking or participating in alcohol treatment at the time of study enrollment.
Procedure
Both universities' Institutional Review Boards approved all study procedures. Data for the current study were collected as part of a randomized brief alcohol intervention trial (see methods from Acuff, Soltis, Dennhardt, Berlin, & Murphy, 2018) . Analyses for the current study utilized the subset of participants who did not receive any intervention due to random assignment to control (assessment only) condition. Participants attended follow-up appointments one month, six months, 12 months, and 16 months after their first session. All research appointments were individual and in person, lasting approximately 1-hr long, and were conducted in private research spaces at each university. College students demonstrate seasonal variation in alcohol consumption and problems (Del Boca, Darkes, Greenbaum, & Goldman, 2004) , and for the current study, we only used data from the baseline and 12-month follow-up appointments, in order to capture behavior in the same period of the academic calendar.
Measures
Alcohol consumption. Alcohol consumption was measured using the Daily Drinking Questionnaire (DDQ; Collins, Parks, & Marlatt, 1985) . The DDQ asks participants to report the number of This document is copyrighted by the American Psychological Association or one of its allied publishers.
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drinks they consume each day in a typical week in the past month.
Responses were then summed to obtain the total number of drinks consumed in a typical week in the past month. Alcohol problems. Alcohol problems were assessed with the Young Adult Alcohol Consequences Questionnaire (YAACQ; Read, Kahler, Strong, & Colder, 2006) , which consists of 48 dichotomous statements about possible past month consequences associated with alcohol use. Items endorsed by participants are summed to create a total score. The YAACQ is divided into eight subscales of problem types: Social/Interpersonal ("I have become very rude, obnoxious or insulting after drinking"), Impaired control ("I often drank more than I originally had planned"), Selfperception ("I have felt badly about myself because of my drinking"), Self-care ("I have been less physically active because of drinking"), Risky Behaviors ("I have taken foolish risks when I have been drinking"), Academic/Occupational ("I have neglected my obligations to family, work, or school because of my drinking"), Physiological Dependence ("I have felt anxious, agitated, or restless after stopping or cutting down on drinking"), and Blackout Drinking ("I have awakened the day after drinking and found that I could not remember a part of the evening before"). Test-retest reliability coefficients for the YAACQ total score after 10 weeks are strong (r ϭ .98; Read, Merrill, Kahler, & Strong, 2007) . Internal consistency at baseline (␣ ϭ .90) and 12-months (␣ ϭ .94) were excellent.
Depressive symptoms. Depressive symptoms were assessed with the Depression, Anxiety, and Stress Scale (DASS-21; Lovibond & Lovibond, 1995) . The DASS-21 depression subscale includes seven items related to negative mood over the past week ("I felt downhearted and blue"). Each item is rated on the degree to which the symptom applied to the participant in the past week using a 4-point scale. The seven items for each scale were summed and multiplied by two to match the original 42-item DASS. Internal consistency at baseline (␣ ϭ .89) and 12-month follow-up (␣ ϭ .91) was excellent. For descriptive purposes, depressive symptoms levels were divided into two groups using DASS-21 cutoff scores: Ͻ14 ϭ normal/mild depressive symptoms, Ն15 ϭ moderate/severe (Beiter et al., 2015) .
Substance-free and substance-related reinforcement. We assessed substance-free and substance-related reinforcement with the Adolescent Reinforcement Survey Schedule-Substance Use Version (ARSS-SUV; Murphy, Correia, Colby, & Vuchinich, 2005) . Participants completed the 32-item ARSS-SUV twice: (1) for activities engaged in while sober; and (2) for activities engaged in when using substances. Individuals rate each activity twice on a scale of 0 to 4, once for frequency and once for enjoyment. The frequency and enjoyment ratings are multiplied to create cross products for both substance-free and substance-related reinforcement. Internal consistencies for the substance-free and substance-related reinforcement scores were excellent at baseline (␣ ϭ .90; ␣ ϭ .95) and at 12-month follow-up (␣ ϭ .91; ␣ ϭ .96), respectively.
Data Analysis
All continuous variables were winsorized per recommendations of Tabachnick and Fidell (2013) . Skewness and kurtosis statistics for alcohol consumption and depressive symptoms exceeded recommended thresholds (Ϫ2 or ϩ2; Trochim & Donnelly, 2006) and were log transformed. Separate multiple regression models examined the effect of baseline depressive symptoms on 12-month alcohol problems, YAACQ subscales, substance-free reinforcement, and substance-related reinforcement. To examine residualized change scores, 12-month depressive symptoms were included in a third step. This approach accounts for the baseline depression scores for each individual within the context of the regression before examining the incremental predictive utility of the 12-month depression variable. For each regression, baseline alcohol consumption level and the baseline value of the outcome were used as covariates.
Results
Descriptive Statistics and Bivariate Correlations
The study had a good follow-up rate, with 86% (n ϭ 118) of participants completing the 12-month follow-up assessment. At baseline participants reported means of 17.64 (SD ϭ 12.57) typical drinks per week, 6.36 (SD ϭ 4.05) binge drinking episodes in the past month, 13.11 (SD ϭ 8.31) alcohol problems in the past month, and 6.54 (SD ϭ 8.12) depressive symptoms in the past week; 83% of the sample reported low depressive symptoms while 17% reported higher depressive symptoms. Bivariate correlations for baseline study variables are reported in Table 1 . Baseline social, impaired control, self-perception, self-control, academic/occupational, and physical dependence problem domains were positively correlated with baseline depressive symptoms. Substance-related reinforcement was correlated with alcohol use and alcohol-related problems in the expected directions, but substance-free reinforcement was not. Neither reinforcement variable was related to depressive symptoms at baseline. Changes in variables from baseline to 12-month are reported in Table 2 .
Depressive Symptoms Predicting Alcohol Problems and Reinforcement
Outcomes are reported in Table 3 . Baseline depressive symptoms did not significantly predict 12-month alcohol problems total score, but did predict greater impaired control, self-perception, and self-care problems after controlling for the baseline problem domain level and alcohol consumption (see Figure 1) . Baseline depressive symptoms were significantly negatively associated with 12-month substance-free activity reinforcement such that greater depressive symptoms predicted diminished engagement or interest in substance-free activities 12-months later. Depressive symptoms were not associated with substance-related reinforcement at 12-months.
1 Increases in depressive symptoms were associated with increases in total alcohol problems, impaired control, selfperception, self-care, academic/occupational, and physiological dependence problems at 12-month follow-up.
1 Previous research has shown that gender and race may influence the relation between negative affect and alcohol problems as well (Mulia, Ye, Greenfield, & Zemore, 2009; Park & Grant, 2001; Pedrelli, Collado, Shapero, Brill, & MacPherson, 2016) . Thus, we also tested models including race and gender. Race significantly predicted self-perception score, such that Caucasian students had greater self-perception alcohol problems at follow-up. Neither gender nor race predicted any other outcome; nor did the inclusion of these variables change the results. For this reason, they were removed from analyses. We also tested gender and race interactions; however, nether variable interacted significantly with depression to predict outcome variables. This document is copyrighted by the American Psychological Association or one of its allied publishers.
Discussion
Our results extend previous cross-sectional research, suggesting that depressive symptoms demonstrate significant relations with several alcohol-related problem domains 12-months later (Armeli et al., 2014; Dennhardt & Murphy, 2011; , namely impaired control, self-perception, and self-care. Self-care and self-perception domains are relevant to depressive symptoms, a finding that highlights the vicious cycle implicit within selfmedication models (Khantzian, 1997) , namely that although alcohol often provides immediate, temporary relief, those who endorse depressive symptoms will report feeling worse about themselves and not taking care of themselves because of their drinking. The impaired control subscale contains items that nearly mirror DSM-5 AUD criteria, suggesting that these individuals may be more likely to develop AUD later in life. Previous work found coping motives to have a positive direct effect on self-perception, impaired control, and self-care subscales over the course of 1-year (Merrill et al., 2014) . In our study, change in depressive symptoms also incrementally predicted a number of alcohol problems. Specifically, increasing depressive symptoms predicted increases in physiological dependence, academic/occupational, self-care, selfperception, impaired control, and total problems score. Our results suggest that depressed college students may lack other coping strategies for negative affect or strategies specific to heavy drinking, such as protective behavioral strategies (Martens et al., 2008) and more general self-regulatory capacity (Strauman, 2002) , which may compound with alcohol consumption and results in greater propensity for problems generally.
Diminished reward experience is a central feature of both depressive disorders and alcohol misuse (Joyner et al., 2016; Petit, Note. t values derived from paired sample t-tests of each variable at baseline and 12-month follow-up. Substance-free and substance-related Reinforcement derived from the Adolescent Reinforcement Survey Schedule-Substance Use Version; Depressive symptoms derived from the depression subscale of the DASS; All problem categories derived from the Young Adult Alcohol Consequences Questionnaire. M ϭ mean; SD ϭ Standard deviation. This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. Kornreich, Dan, Verbanck, & Campanella, 2014) and may explain their comorbidity (Acuff, Luciano, et al., 2018; Baskin-Sommers & Foti, 2015) . Consistent with this notion, our study found that greater levels of reported depressive symptoms were associated with diminished reinforcement from substance-free activities 12-months later. Depressive symptoms such as anhedonia, fatigue, and hopelessness about the future may reduce motivation to engage in goal-directed social, academic, and fitness-related activities that often require long-term behavioral commitment before the reward is experienced. In contrast, alcohol provides robust, immediate reinforcement. Thus, depressive symptoms may result in increasing preference for alcohol use and diminished preference for substance-free activities, which may become less available over time (Joyner et al., 2016) . Even when rewards are available, heavy drinkers may show blunted reward response to nonalcohol cues, a phenomenon that may be compounded when combined with depressive symptoms. Interestingly, depression was not associated with increasing substance-related reward, suggesting that over time student with depression may experience a net reduction in reward. However, given the diminishing experience of substance-free reward the relative subjective value of substancerelated rewards may increase as depressed heavy drinkers become more reliant on alcohol to facilitate reward. Moreover, the fact that substance-free and substance-related rewards are positively correlated suggests that these activities may function as economic complements; in the college environment alcohol use often facilitates meeting new people and deepening existing friendships, which may in turn increase both substance-related and substancefree social reward.
Strengths, Limitations, and Future Directions
The current study used a prospective design, detailed measurement of alcohol problems domains and reinforcement, and controlled for the annual academic cycle, which could exert an influence on both drinking behavior and depressive symptoms. Limitations include the use of retrospective, self-report measures and the fact that the DASS-21 is not a diagnostic measure. However, clinical levels of depression affect a relatively small number of students, whereas a much greater number have significant, albeit subclinical, symptomatology. Additionally, although 17% of the sample reported elevated depressive symptoms, relatively few students reported severe symptoms. Our results suggest that these subclinical symptoms still confer relevant risk for alcohol prob- This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
lems over time and are thus important. Third, the current study was limited to heavy drinking college students, which may not generalize to other young adult samples.
Clinical Implications
Given the long-term influence of depressive symptoms on alcohol problems, treatment for depression, which is already a major focus in mental health treatment for college students (Mistler, Reetz, Krylowicz, & Barr, 2012) , should also address alcohol misuse among drinkers. Additionally, brief alcohol intervention programs should also screen for depressive symptoms, which has been shown to affect response to alcohol treatment (Murphy et al., 2012) . As our results suggest, even subclinical depression is related to alcohol problems and diminished engagement in substance-free activities. Treatments such as Behavioral Activation (Daughters, Magidson, Lejuez, & Chen, 2016) and the substance-free activity session (SFAS; Murphy et al., 2012) , a behavioral economic supplement to brief motivational interventions intended to increase engagement in substance-free and future oriented activities, may be beneficial for those with depressive symptoms. This document is copyrighted by the American Psychological Association or one of its allied publishers.
